Documenting the effects of agricultural land retirement on stream-sediment sources is critical to identifying management practices that improve water quality and aquatic habitat. Particularly difficult to quantify are the effects from conservation easements that commonly are discontinuous along channelized streams and ditches throughout the agricultural midwestern United States. Our hypotheses were that sediment from cropland, retired land, stream banks, and roads would be discernible using isotopic and elemental concentrations and that source contributions would vary with land retirement distribution along tributaries of West Fork Beaver Creek in Minnesota. Channel-bed and suspended sediment were sampled at nine locations and compared with local source samples by using linear discriminant analysis and a four-source mixing model that evaluated seven tracers: In, P, total C, Be, Tl, Th, and Ti. The proportion of sediment sources differed significantly between suspended and channelbed sediment. Retired land contributed to channel-bed sediment but was not discernible as a source of suspended sediment, suggesting that retired-land material was not mobilized during high-flow conditions. Stream banks were a large contributor to suspended sediment; however, the percentage of stream-bank sediment in the channel bed was lower in basins with more continuous retired land along the riparian corridor. Cropland sediments had the highest P concentrations; basins with the highest cropland-sediment contributions also had the highest P concentrations. Along stream reaches with retired land, there was a lower proportion of cropland material in suspended sediment relative to sites that had almost no land retirement, indicating less movement of nutrients and sediment from cropland to the channel as a result of land retirement.
Abstract
Documenting the effects of agricultural land retirement on stream-sediment sources is critical to identifying management practices that improve water quality and aquatic habitat. Particularly difficult to quantify are the effects from conservation easements that commonly are discontinuous along channelized streams and ditches throughout the agricultural midwestern United States. Our hypotheses were that sediment from cropland, retired land, stream banks, and roads would be discernible using isotopic and elemental concentrations and that source contributions would vary with land retirement distribution along tributaries of West Fork Beaver Creek in Minnesota. Channel-bed and suspended sediment were sampled at nine locations and compared with local source samples by using linear discriminant analysis and a four-source mixing model that evaluated seven tracers: In, P, total C, Be, Tl, Th, and Ti. The proportion of sediment sources differed significantly between suspended and channelbed sediment. Retired land contributed to channel-bed sediment but was not discernible as a source of suspended sediment, suggesting that retired-land material was not mobilized during high-flow conditions. Stream banks were a large contributor to suspended sediment; however, the percentage of stream-bank sediment in the channel bed was lower in basins with more continuous retired land along the riparian corridor. Cropland sediments had the highest P concentrations; basins with the highest cropland-sediment contributions also had the highest P concentrations. Along stream reaches with retired land, there was a lower proportion of cropland material in suspended sediment relative to sites that had almost no land retirement, indicating less movement of nutrients and sediment from cropland to the channel as a result of land retirement. S ediment is considered among the most significant pollutants (Lowrance et al., 2006) because sediment-laden runoff physically degrades aquatic habitat, carries excess nutrients (especially P), and may carry a wide array of chemical pollutants, including hydrophobic pesticides; the Minnesota River basin has been identified as the dominant source of sediment in the Upper Mississippi basin (Kelley and Nater, 2000) . Riparian buffers, including easements, are a key conservation practice used in agricultural settings to arrest transport of sediment and particle-bound pollutants from croplands to channels, reduce stream-bank erosion, dissipate stream energy, trap sediment and associated pollutants, promote active N removal from intercepted water, and enhance terrestrial and aquatic wildlife habitat (Sharpley et al., 2006; . Few studies, however, have examined the effects of riparian buffers on sediment loss at the watershed scale (Lowrance et al., 2006) , where discontinuities in riparian buffers and varied agricultural management affect both the local stream environment as well as that of the larger downstream basin.
Stream Sediment Sources in Midwest Agricultural
Agriculturally intensive watersheds in southern Minnesota, such as West Fork Beaver Creek (WFB) in Renville County ( Fig. 1) , enable examination of the effects of riparian buffers on field-to-stream transport of sediment and nutrients. In Renville County (Fig. 1) , approximately 4.3% (9700 ha) of the area (Christensen and Kieta, 2014) is in retired status due to inclusion in the Conservation Reserve Enhancement Program (CREP), the Conservation Reserve Program (CRP), the Wetlands Reserve Program (WRP), and Reinvest in Minnesota (RIM). The CREP, CRP, and RIM were used to target habitat restoration and water quality in the Minnesota River basin; nearly all of the 42 CREP contracts in the WFB basin were for riparian land, concentrated directly adjacent to Minnesota River tributaries. Land not directly adjacent to a stream was designated for wetland restoration under the WRP. Total land retirement in the WFB basin increased steadily from 1987 (32 ha) until 2000 (551 ha). The start of the Minnesota River CREP resulted in a substantial increase in 2002 (1035 ha), after which total land retirement began to level off (Christensen and Kieta, 2014) .
Previous work in the WFB basin (Christensen et al., 2009) found that stream suspended sediment as well as NO 2 plus NO 3 and total N concentrations significantly decreased with increasing percentages of retired land. In addition, although biological indicators varied in their response to the percentage of retired land in the basin, most, including algal biovolume, abundance of tolerant invertebrate and fish species, and Index of Biotic Integrity scores improved as the amount of retired land increased within a zone of 50 to 100 m of the stream for the WFB basin and other streams in the Minnesota River basin (Christensen et al., 2012) . Unexpectedly, P concentrations showed no consistent link to the percentage of retired land in the basin or stream riparian zone; increased riparian buffers would be expected to decrease parameters typically transported by overland flow (i.e., both P and sediment).
Several reasons exist for inconsistent and unexpected changes in nutrient and sediment concentrations after land retirement. The time lag between implementation of conservation practices and observed changes in the stream environment combined with the potential remobilization of residual (or legacy) material in the stream from the previous land-management practices make it difficult to directly link cause and effect (e.g., Meals et al., 2010; Schnepf and Cox, 2006) . Ecosystem processes affecting biotic responses to changes in land use are complicated to assess; however, responsive components that can be quantified include water quality, food-web health, and biodiversity (e.g., Spooner et al., 2013) . Identifying the sources of fine-grained sediment (predominantly silt and clay particles) transported by a stream is integral to evaluating these components because fine-grained sediment affects the biophysical environment (e.g., decreasing light, anoxic sediments, and smothering of desirable substrates) in addition to the chemical environment. Phosphorus concentration and transport in streams are frequently linked to suspended-sediment concentration because of the electrochemical tendency of P to adsorb to negatively charged soil particles and later desorb in aquatic environments where elements other than O 2 dominate oxidation-reduction (redox) processes; however, consistent patterns of P reductions in association with nutrient management and land-use change are difficult to detect (Hamilton, 2012; Sharpley et al., 2009) .
The distribution of retired land varies among the tributaries of the WFB basin-some reaches of land retirement are <100 m in length and many are on only one side of the stream. The overall objective of this work was to discriminate the sources of finegrained sediment in two small, unnamed agricultural drainages as well as the downstream, larger trunk stream (WFB; Fig. 1 ). Sediment sources that were considered include active cropland, retired land (previously cropland), stream banks, and roads. Our hypotheses were that (i) fine-grained sediment derived from these four land covers would be discernible based on a combination of stable isotopes and elemental concentrations, and (ii) the source contribution would vary in association with land retirement. This required that sediment from retired land could be distinguished from active cropland sediment even though most of the retired land had been active cropland until at least the mid-1980s.
The specific objectives in this study were to: (i) compare the source of fine-grained, suspended sediment with that in the channel bed; and (ii) evaluate the relative contribution of finegrained sediment from cropland among basins.
Materials and Methods
The West Fork Beaver Creek basin in Renville County, MN (USGS Site ID 0531656290) ( Fig. 1a; Table 1 ) was selected for this study because of the long-term water-quality record provided as part of a cooperative effort by the USGS, the Minnesota Board of Water and Soil Resources, and the Hawk Creek Watershed Project. The information gained from this evaluation of sediment source will combine with the recent and concurrent sampling of nutrients and sediment to better document how conservation efforts are related to changes in water quality in the WFB basin. This basin, although small, is representative of many agricultural drainage basins across southern Minnesota and other lowland areas of the Midwest, with intensive row-crop agriculture and narrow, discontinuous areas of retired land along a riparian corridor of channelized streams and ditches. Our study used a nested design by sampling stream sediment from two small basins (discussed here as Northwest [NW] and Southeast [SE] basins; Fig. 1b ; Table 1) in the headwaters of the larger WFB basin. Soils in these small basins were a mix of Hapludolls, Endoaquolls, and Calciaquolls; the SE basin also included Agriaquolls and small areas of Calciudolls and Eutrodepts (3.4 and 0.2% by area, respectively; Soil Survey Staff, 2009). Both of these basins were similar in size, agricultural practices, tile-drain extent, and distribution of drainage ditches but differed in the distribution of retired land. In areas with retired land along the riparian corridor (Fig. 2a) , tiles were left intact, maintaining the drainage connection to both subsurface and surface openings. In addition, these basins enabled a paired design, including two headwater streams with almost no land retirement (considered control basins) and two with larger distributions of land retirement.
Sampling Sites for Stream-Sediment Samples
Within these basins, sites were established at the downstream end of individual stream reaches, where channel-bed sediment and suspended sediment were sampled. A total of 16 sediment samples were collected and considered two types of target, fluvial samples. In August 2011, channel-bed sediment was aggregated from 15 2-cm-deep cores along a 50-m length of thalweg at seven of the nine sampling sites; these samples characterize stream habitat and were taken from depositional areas where fine-grained sediment had accumulated. These channel-bed sediment samples were also analyzed to determine if the one-time approach of sampling bed material under low-flow conditions would provide a similar result to the more complicated and costly sampling of suspended-sediment samples. Suspended sediment was sampled during high-flow conditions by using an in situ, passive suspended-sediment sampler at each of the nine sampling sites ( Fig. 1b and 2b ; Phillips et al., 2000) . The suspended-sediment sampler was situated approximately 0.05 m above the water level under low-flow conditions to ensure that suspended sediment was collected only during the high-flow conditions associated with storms. These suspended-sediment samplers were installed in May 2012 and the sediment was collected in August 2012; the entire period was used because of the small amount of sediment collected at most of the sites. All sampling equipment was made of plastic.
Most of the retired land parcels in the WFB basin were a mix of grasses and non-woody vegetation (Fig. 2a) . The length and area of individual retired parcels were estimated by using ArcMap and 2010 orthophotography (National Agriculture Imagery Program produced by the Farm Service Agency; http:// www.fsa.usda.gov/). Most of the retired riparian corridors were approximately 10 m wide; however, some sections were 200 m wide. Widths varied due to a combination of the road network, maintenance of linear field boundaries, and the sinuosity of the drainage channels.
The NW basin included three tributaries with similar basin size, agricultural management, and exposure to unpaved, gravel roads, as well as two integrator sites:
• A buffered reach (NW b , 2.9 km 2 ) had a 1.7-km riparian corridor on each side of the stream retired from cropland 5 to 8 yr before the study started.
• A control reach (NW c , 4.1 km 2 ) had active cropland adjacent to the channel upstream of the sampling site. Immediately downstream of the sampling site was a 0.07-km, unfarmable segment of land on one side of the channel that was isolated from the rest of the field by the drainage channel. This reach was considered a control because it included almost no retired riparian corridor but otherwise was farmed similarly to the other reaches.
• A mixed reach (NW m , 3.4 km 2 ) had a 0.7-km unfarmable segment of land adjacent to the channel on one side and a 0.65-km 2 (1/4 section) parcel of retired cropland that had reverted to wetland separated from the channel by 0.4 km. The unfarmed land was isolated from the rest of the field by the drainage channel.
• Two integrator sites: The NW i1 site was immediately upstream of the confluence of the NW m tributary with the trunk stream but downstream of the confluence of the NW b and NW c tributaries. The NW i2 site was immediately downstream of the confluence of the NW m tributary with the rest of the basin. The two integrator sites were separated by approximately 0.05 km. The channel-bed sample was collected at the NW i1 site, but high-flow samples were collected by using two separate passive suspendedsediment samplers. The SE basin included two tributaries, both with agricultural management similar to the NW basin; one of these tributaries flowed through a wetland. These SE sites were also exposed to gravel roads. The SE basin included two tributaries and one integrator site at which sediment was sampled:
• A control reach (SE c , 5.4 km 2 ) had active cropland adjacent to the channel upstream of the sampling site along most of its length. There were two small segments of retired land upstream from the location of the sampling site, one 0.5 km and the other 0.15 km. The longer section was piled with rocks that had been removed from the surrounding fields and is now considered retired. The shorter section is a bend in the channel where trees have been allowed to grow. This reach was considered a control because it included only isolated retired corridor and was managed similarly to the NW sites.
• A wetland reach (SE w , 3.5 km 2 ) was 1 km downstream of a 2-km length of riparian corridor that had been retired on both sides. There was no channel-bed sample from this site. Downstream from the wetland was a wastewater treatment plant that was mainly a lagoon system and was only permitted to discharge twice per year into WFB.
• An integrator site (SE i ) was 0.5 km downstream of the confluence of the control and wetland reaches. There was a 0.7-km segment of unfarmed land on one side of the wetland reach immediately upstream of this confluence but downstream from the wetland site. Finally, the most downstream integrator site (WFB) was co-located with a long-term water-quality monitoring site.
Sediment-Source Samples
In August 2011, 75 sediment-source samples were collected from upland soils and stream banks throughout the WFB basin (Table 2) . Sediment-source samples were collected from the top 2 cm of soils or sediment, with the goal of sampling material that was most likely to be eroded and transported during a precipitation and stream-flow event. Stream-bank samples were taken from the middle and low bank along the same 50-m length of the stream used to sample the channel bed (described above). These stream-bank cores incorporated multiple areas of bare, eroding, and/or slumped bank.
Each upland soil sample (cropland, retired land, or road) was a composite of 15 2-cm-deep cores from each location, collected along a 5-m grid. A larger number of cropland samples was included relative to the other land-cover categories due to the relative area of cropland in the basin (Table 1) .] , and bare fields); 15 of these were from fields adjacent to retired land parcels, with the intent of sampling the fields from which land had been retired. Retired-land samples were collected from non-flood-plain areas on land dominated by non-woody vegetation because this is typical in this basin and included a mix of CRP, CREP, and RIM lands. Fifteen of these locations were along the stream channel; the remaining two parcels were not adjacent to the stream. Road samples were taken from near the stream-sediment sampling sites and included packed gravel roads.
Sample Preparation and Laboratory Analyses
Target and source samples were sieved (using polyester sieves) at the USGS Kentucky Sediment Laboratory to isolate the <63-mm fraction (very fine sand, silt, and clay; Soil Survey Staff, 1993). The sieved sediment was split into separate samples for particle-size analysis by pipette (Gee and Bauder, 1986) ; stable isotope analysis at the Colorado Plateau Stable Isotope Laboratory; and total C, CO 3 -C (organic C [OC] by difference), and elemental analyses by inductively coupled plasma-atomic emission spectrometry and inductively coupled plasma-mass spectrometry using a mixture of HCL, HNO 3 , HClO 4 , and HF at low temperature at the USGS Central Mineral and Environmental Resources Science Laboratory; individual elements are listed in Table 3 .
Data Analyses
Particle-size, elemental, C forms, and stable isotope data were collected for the 16 target fluvial samples as well as the 75 sediment-source samples. Each of the data sets were reviewed for consistency among replicates-the largest discrepancies among elemental data were for elements that were later shown by the analysis to not be conservative and so were not considered as potential sediment-source tracers (e.g., Fe and Mn). After reviewing the initial data, Ag and Cs were omitted because all samples were below detection limits; Te was omitted because concentrations were above detection limits in only six cases.
The property of a sediment tracer depends not only on the source material but also on the grain size and amount of organic matter (Collins et al., 2010; Horowitz, 1991) . Consequently, any tracer concentration must be adjusted to the characteristics of the fluvial target samples for concentrations that vary as a function of either grain size or OC content.
A size correction factor was applied to the laboratory results before the sediment-source mixing model was applied. This adjustment for mean median grain size (d 50 ) considered only the fine-grained sediment (<63 mm) analyzed by the geochemical and stable-isotope laboratories and was done separately for each land-cover type (Table 4 ). Source samples were adjusted for the d 50 of the targets by using a regression approach developed by . This approach identifies any significant relation (p < 0.05) between d 50 and each of the tracers. Multiple transformations were checked and the transformed sourcetracer value adjusted based on the difference between the average d 50 of the source and target samples. The tracer value was then untransformed and bias corrected. For a more detailed explanation, see .
Most tracer concentrations were also adjusted based on the mean OC concentration (Table 4) ; this step was not done for total C, N, the C/N ratio, or the C and N isotopes because these constituents are directly related to the OC content. Because the mean d 50 was different for each basin, the OC adjustments had to be done separately for each d 50 -adjusted data set. The OC adjustment followed the same procedure described above. Organic C was not used as a potential tracer in the linear discriminant analysis (LDA) because it was used to adjust the source-sample tracer concentrations for the fluvial-sample population characteristics.
After adjustment for d 50 and OC, the conservation of individual tracers was evaluated by using a bracket test of the range ± 1 standard deviation. The bracket test determined if the elements in the target samples were bracketed by the source samples. Any elements that were not bracketed by the source samples were considered non-conservative and were removed 
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from the potential tracers. The bracket test for the three basins eliminated 16 tracers (Table 3) .
Because the LDA requires multivariate normality (Kachigan, 1986; Manly, 1994) , the distribution of tracers from the d 50 -and OC-adjusted data set for each basin was tested. A Shapiro-Wilk goodness-of-fit group test identified the tracers that required a transformation to approximate a normal distribution. The road samples (n = 5) were omitted from this step because the small sample size (due to road distribution) meant that there were not enough road samples to effectively identify a normal distribution using the Shapiro-Wilk goodness-of-fit test (Lesaffre, 1983) . Not all groups had the same distribution for an individual tracer because individual groups (38 cropland, 17 retired land, and 15 stream bank) had unequal replication and differences in mean and variance. In these cases, the best option was selected based on the p value (>0.1) of the individual groups, combined with the p value of the groups as a whole and a visual inspection of the plotted data. A single transformation was applied to all samples (n = 70) based on the goodness-of-fit test.
The normalized data sets for each basin were evaluated by using a stepwise linear discriminant analysis (S-LDA). To get the best set of discriminatory tracers, the S-LDA was run 10 times, both backward and forward, for each basin because the results of the analysis may vary among runs. For each basin, total N was identified as a critical tracer to distinguish the land-cover source; however, it had to be omitted because there was not enough suspended sediment from each individual passive sampler for this analysis to be completed. This left the final S-LDA with 27 potential tracers.
The elements identified in the S-LDA were specified in an LDA to confirm how well the sources were discriminated; in each case, the Mahalanobis difference (D 2 ) statistic showed the land-cover types to differ significantly (p < 0.05; McLachlan, 1999) . The posterior error from cross-validation of LDA was used to calculate the Collins weighting factor (Walling et al., 2008) .
The mixing model (Walling et al., 2008) used the original laboratory data (not the normalized populations). The results reported here were run with a Monte Carlo analysis using 1000 simulations. Because of the minimal replication for road samples (n = 5), the mixing model was run with both the four sources considered (cropland, retired land, stream banks, and roads) and with only three sources (no roads).
Most of the statistical procedures were run with S+ (TIBCO, 2008). The S-LDA was run in R (using the MASS and klaR packages; Venables and Ripley, 2002; Weihs et al., 2005) , and the final LDA was run in both S+ and R to get a full evaluation of tracer performance in the individual basin equations.
Results
Mean d 50 and OC content of the fluvial target samples (Fig.  3 ) differed because the three basins had different basin areas and were geographically separated. The WFB had the coarsest mean d 50 and largest range, with little difference between the NW and SE basins. The suspended-sediment size was significantly finer (p = 0.0059) relative to the channel-bed sediment size. When OC was compared after the d 50 adjustment, the SE basin had the highest mean OC and WFB the lowest. There was no significant difference between mean OC in the channel-bed samples and the suspended-sediment samples.
As a function of the adjustments for d 50 and OC, each of the basins used a slightly different adjusted data set and the LDA also identified different tracers as most indicative to separate the source types (Table 4) . For the SE and WFB basins, the same model was chosen; critical elements included In, total C, P, and Th. The ability to separate was 82.8% for the SE basin and 85.0% for the WFB basin. The critical elements in the best model for the NW basin (ability to separate 85.0%) included In, total C, P, Tl, Ti, and Be.
Because In, P, and total C were in the final mixing model for all basins, these tracers were used to examine the distribution of the fluvial samples relative to the adjusted source samples (Fig.  4) . For all models, In was the most predictive tracer (explained 64% on average) and total C was least predictive (explained 52% on average) when used individually to discriminate classes. Stream-bank samples were slightly higher in In relative to both cropland and retired land, with a generally smaller range of P. Comparison of the fluvial target samples showed that the channel-bed samples were significantly lower (p = 0.003) in P than the suspended-sediment samples. Cropland samples tended to be lower in In, with a large range in both P and total C. Retired-land samples were also lower in In, with a smaller range and generally lower concentration of P relative to cropland samples. Although roads were omitted from the S-LDA because of the small sample size (n = 5), when included in the LDA, it was clear that the same tracers discriminated this source type. Consequently, the mixing model was run with four land-cover categories and used to examine the relative contribution of sediment from individual land-cover types to both channel-bed and suspended-sediment samples for each basin (Table 5 ; Fig. 5a ).
Both the channel-bed and suspended-sediment samples were time-integrated samples. The channel-bed cores were a cumulative record of the sediment that accumulated on the channel bed before the August 2011 sampling date. The suspended-sediment samples were an aggregation from high-flow events that occurred between May and August 2012. When these fluvial sample types were compared for all sites, the suspended-sediment samples had significantly different source contributions relative to the channel-bed material ( Fig. 5 ; Table 5 ).
Differences in the relative contribution from individual land-cover sediment sources were apparent between the channel-bed and suspended-sediment samples. At all sites, there was a significantly higher proportion of sediment from the stream-bank source in suspended-sediment samples relative to channel-bed samples (Table 5) . Also, channelbed samples showed a significantly higher proportion of sediment from retired land relative to suspended-sediment samples at the individual NW c , NW b , NW m , SE c , and WFB sites; there was no identifiable contribution from retired land at the other sites (NW i , SE w , and SE i ). The contribution of sediment from retired land was reflected in the channel-bed sediments of each reach where there was a patch of inactive land upstream of the channel-bed sample site, whether it was recently retired or not practical to farm. However, the WFB site, a perennial stream where the channel is deeper and wider than any of the intermittent northwest or southeast sites, was the only site where retired land was a source of suspended sediment.
For 10 of the 16 samples, stream banks contributed the largest proportion of sediment (Fig. 5a) . The proportion of stream-bank sediment in the channel bed, however, was less for the NW b and NW m sites relative to the both the NW c and SE c sites (p < 0.001). The sediment samples from the NW integrator sites (NW i ) were almost completely attributed to stream banks. At the SE integrator site (SE i ), stream banks were the largest proportion of sediment for the suspended sediment. The stream banks contributed the largest proportion of material to suspended sediment at all but the wetland and WFB sites. The stream banks also contributed the largest proportion of sediment to the channel-bed samples at the NW c , SE c , and NW i -the three sites with the least retired land.
Cropland material showed a specific pattern in the channelbed samples compared with the suspended-sediment samples. In the NW basin, cropland was a significantly lower proportion of suspended-sediment samples relative to the channel-bed samples at the NW b and NW m sites. However, there was no significant difference between suspended and channel-bed sediment proportions for the NW c and NW i sites. For the SE and WFB sites, cropland was a source of sediment for both channel-bed and suspended-sediment samples, indicating that cropland was a consistent sediment source under all flow conditions and across both short and long time periods.
Because of the relatively small number of road samples, sediment source was also evaluated by using a three-source model (cropland, retired land, and stream banks). When only three sources were considered, a significantly (p < 0.001) larger proportion of the sediment was identified as coming from a stream-bank source (Fig. 5b) -essentially accounting for the proportion attributed to the road source in the four-source model.
Discussion
The identification of sources of suspended and channel-bed sediment in the NW, SE, and WFB basins showed significant differences in the relative contribution from stream banks, cropland, and retired land as a function of the distribution of retired land. This comparison cannot be used to evaluate the volume of sediment derived from each land-cover type; however, identifying the source of sediment that is suspended in stream flow is critical to understanding how sediment moves to the stream.
The presence of a significantly higher proportion of streambank sediment in all suspended-sediment samples relative to channel-bed samples indicates that most of the sediment sampled during high-flow conditions from May to August 2012 was derived from actively eroding stream banks. This is true for all basins, regardless of the distribution of retired land and is consistent with observations in other sediment-source tracking studies Mukundan et al., 2010; Nagle et al., 2007) . Stream-bank material is delivered directly to the channel during an event, unlike material from cropland, road, and retired-land sources that may take multiple events to move to the channel . For example, both retired lands and conservation tillage practices, locally implemented with corn, have been shown to hold more sediment on fields than traditional tillage practices (Tomer et al., 2013) . Streambank material was not the majority source of sediment for channel-bed samples at those sites with more continuous retired land along the riparian corridor (NW b and NW m ), indicating that land retirement may help decrease the relative contribution of stream banks to channel sediment.
The presence of a signature of sediment from roads in each of the suspendedsediment samples indicates that roads were an important source of sediment and need to be included in any analyses of sediment sources in midwestern agricultural areas. Unpaved, public, gravel road surfaces can include as much as 35% silt (USEPA, 1995) . Sediment from these roads is transported to streams as a consequence of multiple factors, including grading, resurfacing, road ditch maintenance, and scour at stream crossings, resulting in a disproportionate contribution to sediment based on total area in the basin (Motha et al., 2003; Mukundan et al., 2010) . Krause et al. (2003) found that sediment from unsealed roads made it impossible to identify the relative contribution of pasture and stream banks. The significant increase in the proportion of sediment attributed to stream banks in the three-source model with road sources omitted suggests that sediment from gravel roads may be incorporated into stream banks near road crossings in these basins.
There was no identifiable contribution from retired land to the suspended sediment sampled in the small basins. This is consistent with a comparison of herbaceous buffer strips to cropland (Stutter and Richards, 2012) where both fine-grained sediment mobility and erodibility were higher for the field soils, suggesting less contribution of this sediment from the buffer strip as a consequence of overland flow and wind erosion. There was sediment attributed to retired lands in the channel bed at the small basin sites. In most areas, the retired land was adjacent to the stream and the land surface was covered with vegetation. This suggests that sediment movement could be due to a combination of dry ravel (movement of sediment downslope due to gravity but not associated with precipitation events) and freeze-thaw erosion (Lawler, 1986) combined with localized, overland-flow erosion that delivered sediment to the stream during smaller precipitation events or early in the storm when the passive sediment samplers would not yet be submerged. The WFB site had the largest proportion of retired-land material in the channel bed and was the only site with a riparian buffer at which retired-land material was identified in the suspended sediment (1%). During the study, tile drains continued to be installed throughout the WFB basin, including stream reaches upstream of the WFB sampling site where retired land along the riparian corridor would have been disturbed-this could explain the presence of retired land material in suspended sediment at this site when none was observed anywhere else. For all sites where both suspended and channel-bed sediment were collected, there were significant differences in the relative contribution of at least one of the four land-cover sources. This suggests that one-time sampling of channel-bed material during low-flow or dry conditions cannot be used as a surrogate of suspended sediment because the channel bed probably integrates sediment sources over unknown, longer time periods and can store sediment that can be remobilized during later events. In contrast, suspended-sediment samples that are obtained from stream flow during and after new rainfall and thawing of snow are interpreted as being more representative of current sources of sediment along with related nutrients and contaminants. Although sediment from upland sources, specifically the cropland and retired-land material, may be stored on the landscape before delivery to the channel , these suspended-sediment samples were a composite of multiple high-flow events during the May to August 2012 period, providing time for material to be eroded, transported, and delivered to the stream.
The proportion of sediment from cropland was significantly higher in the channel-bed samples relative to the suspendedsediment samples for both the NW mixed and buffered sites, both of which have retired land in the riparian corridor. It is likely that the suspended sediment included more recently eroded sediment relative to the channel bed, indicating that the current contribution of sediment from cropland was lower in areas of riparian land retirement. This result was seen in spite of the presence of tile drains that ran beneath and bypassed retired land in the riparian corridor; many of these tiles in this basin had a connection to the surface that would allow transport of sediment and P. In the basins with a more continuous retired riparian corridor, the higher proportion of cropland material in the channel bed could be legacy sediment that will continue to act as a P source ( Jarvie et al., 2013) .
Most channel-bed samples were relatively low in P concentrations and were most similar in concentration to the stream-bank and retired-land sources (Fig. 4) ; however, the range of P concentrations in these samples (500-1000 mg kg −1 ) is consistent with studies that have shown high P concentrations in stream-bank sediment in herbaceous, retired riparian buffers . This suggests that these retired lands and adjacent stream banks will continue to be a source of P, similar to what has been seen in other agricultural areas where similar conservation management has been implemented (Sharpley et al., 2009; Sprague and Gronberg, 2012; . The SE i site is the only reach where the channel-bed sample was dominated by a cropland source of sediment ( Fig. 5; Table 5 ). In contrast, the suspended-sediment sample for each site, that were sampled by a passive sampler that was only submerged during high-flow conditions and that were significantly finer grained, had significantly higher P concentrations than the local channel bed and were more similar to cropland source samples (Fig. 4) . This indicates that high-flow events moved new P-laden sediment to the channel, regardless of the distribution of retired land, potentially by way of the tile-drain network.
Conclusions
This comparison of three agricultural basins, each with different distributions of retired land along channelized streams and ditches, indicated the following: (i) at the buffered sites there was less opportunity for movement of nutrients and sediment from cropland to the channel under highflow conditions, as evidenced by the lower proportion of the cropland source in the suspended sediment; (ii) stream banks were a large contributor to the suspended sediment; however, the percentage of stream-bank sediment in the channel bed was lower in basins with more continuous retired land along the riparian corridor; (iii) material from retired land is not mobilized during high-flow conditions because sediment from retired land was not discernible as a source of suspended sediment in the small basins; (iv) the relative proportion of sediment sources was significantly different between channelbed and suspended-sediment samples, indicating that the cost and additional effort associated with ongoing sampling of suspended sediment are necessary to understand current sources of suspended sediment in streams.
